All new creations must be based on one's previously acquired knowledge. Therefore, the ways in which prior knowledge is structured, accessed, and exploited is fundamental for understanding constructive thought involved in generative tasks. Fixation is often cited as a significant obstacle to solving design problems productively. However, an understanding on the ways that fixation affects idea generation is still relatively limited. This paper presents two design experiments that were designed to evaluate the occurrence and effects of different forms of fixation in design idea generation. One of the findings was that idea generation has a characteristic temporal nature. Designers begun generating ideas from the most common categories, and as these categories were explored they moved on to generate ideas from more novel categories. The second experiment was focused on the use of pictorial examples to stimulate design. The results show that the timing of idea exposure affects performance in a comparative sense, whereas exposure effects were mostly independent of the commonality of the stimulus ideas. This research highlights a number of factors that influence idea generation performance in design, including sampling probability, time-cycle, and exposure effects.
INTRODUCTION
The processes and outcome of creative idea generation remain of particular interest for research and practice. Engineering design is one of such applied disciplines that would benefit from effective techniques that improve the fluency and flexibility of idea production (Shah et. al 2000) . Engineering design faces additional challenges when considered in a commercial context, that is, a specific focus on creativity and innovation. Organizations need to design products that are not just attractive and functional, but also original, so that they offer a meaningful basis of differentiation from competing products. At the same time, idea generation has turned out to be a difficult task at the individual level (e.g. Jansson and Smith 1991) . Much of this difficulty is attributed to interfering effects of prior knowledge.
There is a trivial sense to the notion that one's creations must be based on previously acquired knowledge (Ward 1994) . In this view, idea generation is basically memory cognition (see e.g. Nijstad 2000, Perttula and Liikkanen 2005) , and unique design outcomes are a result of novel synthesis of prior knowledge. The ways in which prior knowledge is structured, accessed, and exploited is therefore fundamental when trying to understand constructive thought involved in generative tasks. Designers must be able to efficiently retrieve and adapt their prior knowledge to meet the criteria of new design problems. They should be able to focus and de-focus attention to an array of knowledge that can be utilized to produce alternative solutions for design problems. The counterpart of broadening attention is becoming fixated to a limited number of ideas (Jansson and Smith 1991) . Fixation is generally cited as a significant obstacle to solving design problems productively. Given this consensus, fixation itself, or overruling its effect, is still relatively poorly understood in engineering design (see e.g. Purcell and Gero 1996) .
In this paper, we address the question of knowledge transfer when generating ideas for new designs. We demonstrate how prior knowledge restrains and directs the way in which design problems are encountered. Two design experiments are presented that were designed to evaluate the occurrence and effects of different forms of fixation in design idea generation. The general motive for doing this research comes from the observation that fixation in design has been previously considered in rather constricted settings. We wish to expand these discussions and provide a more comprehensive account of issues related to, and affected by, the occurrence of fixation in design.
STRUCTURAL TENDENCIES
Fixation is not a one-sided phenomenon; it has been identified and studied in a variety of forms. Patterns of fixation are based on findings from research dealing with insight problems. Solutions to insight problems are usually found after a characteristic temporal pattern: initial solution attempts quickly end up in an impasse, which is followed by a moment of insight after continued concentration (Knoblich et. al 2001) or an incubation period (Smith and Blankenship 1991) . Depending on the type of problem there are several patterns which may cause the impasse. The different patterns that lead to an impasse are the general forms in which fixation may occur. Three different forms of fixation are generally acknowledged: functional fixedness (Dunckner 1945) , mechanized thought or mental set (Luchins and Luchins 1959) , and memory blocking (Smith 1995) . Functional fixedness refers to the inability of a subject to notice that a common object can afford a function other than the one it was originally intended for. Mechanized thought or mental set refers to learning a routine representation of a problem; once this routine no longer gives the correct solution, an impasse occurs. Memory blocking occurs when a target gets rehearsed and more strongly associated with the problem, which results in negative transfer, preventing the exploitation of additional knowledge.
How do these theories translate to the fixation observed in creative idea generation? Finke, Ward, and Smith (1992) have presented a research initiative called creative cognition to the study of creative thinking. This paradigm asserts that creativity is governed by the same cognitive processes that are used for non-creative thinking. Several empirical studies have been conducted within this paradigm. Of particular interest for this paper is the work presented on constructive thought. Ward's (1995) theory Structured imagination predicts that when people develop new ideas, those ideas are heavily structured by existing categories and concepts. The extent to which persons share similar backgrounds and knowledge bases should therefore correlate with the commonality of responses across individuals' creations (Ward 1994) . This proposition can be verified empirically by assessing the similarities between subjects' responses to generative tasks: if subjects reach similar solutions, then, this should be regarded as evidence for the fact that creative imagination is governed by cognitive processes that re-use knowledge that all subjects possess. Indeed, specific evidence in regards to this stance has emerged; Ward and colleagues have shown that when people are asked to generate novel instances, of e.g. animals (Ward 1994 ) and tools (Smith et. al 1993) , their creations are pre-dominantly based on existing concepts of those domains. This type of typical thinking is related to the concept of mental set (Luchins and Luchins 1959) . Subjects engaging in creative generation tasks have been shown to rely heavily on existing categories or conceptual models. Thus, prior experience with similar problems may impose difficulties due to an entrenched mental set (Chrysikou and Weisberg 2005) . Similarly for design tasks, subjects may classify a new problem to a class of problems whose solutions he is acquainted with, which causes him to apply his common solutions (e.g. Lawson 1997 ). Hence, model based reasoning is a general memory search technique in design (Garza and Maher 1996) , but the extent to which subjects approach design tasks with conforming models, has yet to be empirically verified.
A second important aspect on structural tendencies is the effect of time elapse. Earlier research in creative design has not considered the temporal effects of breaking free from the initial models and responses. Instead, research has considered structural tendencies mostly within first responses. Will designers be able to escape the initial responses and find more novel solution categories as the process unfolds? As noted earlier, this hypothesis receives support from studies on insight problems; empirical accounts of fixation have shown that it, in whichever form, may impose only temporary obstacles to the exploration of correct solution paths. More specific evidence in regards to creative idea generation was presented by Connolly et. al (1993) , they showed that ideas generated early in the session were more common than those generated in the latter intervals. Unfortunately, they did not assess idea content separately, but these findings give some implications on how the idea generation process unfolds.
It has been further shown that idea production rates generally decline as a function of time. Subjects generate more ideas in early intervals than latter ones (e.g. Coskun et. al 2000, Howard-Jones and Murray 2003) . For instance, Howard-Jones and Murray (2003) presented three experiments that showed how the rates of idea production drop as a function of time elapse. They reasoned that this finding is related to the associative strength between a stimulus and response nodes. After subjects have exhausted easily accessible initial ideas, they need to access more remote associations to add up to the pool of solutions. Rates of idea production may therefore decline due to an initial spur of strongly associated ideas and a difficulty of defocus (i.e. fixation) to more remote associates after those ideas have been exhausted.
Taken together, patterns and theories of fixation were initiated by research on insight problems. Therefore, the extent to which similar effects occur in e.g. creative generative tasks is not fully known. However, empirical initiative has been recently taken to study structural tendencies systematically also for creative tasks. Specific evidence has begun to emerge that imply similar effects also in creative tasks, but this knowledge is to this date rather fragmented.
EXPERIMENT 1
The experiment presented next was designed to evaluate temporal changes in idea productivity and idea content. The arrangement follows a similar procedure as in the experiment by Howard-Jones and Murray (2003) . The main distinctions between these experiments were that the tasks are different and the present study used a wider array of performance measures.
Subjects
Ninety design students participated in the experiment. However, only sixty-four responses were included in the final take, since the colour coding (see below) of twenty-six persons was not readable. Of the design students in the final sample; 66 % majored in mechanical engineering, 20 % in industrial design, and 14 % from other engineering disciplines. The subjects were pre-dominantly male (81 %). The students were on average 24 (SD=2) years of age. 81 had one year or less of design experience. The subjects had completed 118 (SD=28) course credits from a minimum total of 180 study credits required for a master's degree. The experiment was arranged during a course lecture on Product design and development, the participants did not receive any extra credit for participating in the experiment.
Experiment design
Participants were asked to generate ideas for a design problem under a time limit of forty-five minutes. The task was "to generate design solutions for an automatic device that collects balls from a playing field and delivers them to a goalarea". The design was a single factor (INTERVAL) experiment. Designers' performance was monitored at three intervals separately (early: 0-15, middle: 16 -30, and late: 31-45 min).
Procedure
The experiment was held in an auditorium type classroom, in which participants were seated in every other seat. Each subject was provided with a standard answering sheet, including instructions on the manner of presenting concepts: simple sketches should be used, together with textual annotations when found necessary. Performance changes were monitored with the help of a two-coloured (red/blue) pencil; every five minutes participants were asked to switch the colour of their pencils, so doing, each idea was allocated to a certain interval and shifts between intervals were identified by a change in colour.
Categorization
For the purpose of performance assessment (see Dependent variables), the ideas for the Ball-mover were classified into particular solution categories. A solution category is a cluster of solutions that share main functional and semantic attributes. The individual categories were decided upon through mutual discussion and agreement of two raters. After agreeing on the main categories, one rater classified all of the ideas into the defined categories, and a second rater classified some 20 % of the ideas. This was done to ensure the reliability of categorical judgment. The interrater agreement was .91. After classifying the ideas into categories, a commonality index was assigned for each category. The commonality index of a category represented the number of persons in the experiment (total of 90) having generated an idea from that particular category. The ten most common categories were: free-moving collector (86), leveller (55), inclinator (55), blower (37), thrower (31), conveyor (29), fixed-collector (29), magnet (20), crane (20), and self-acting ball (16).
Dependent variables
We used three dependent variables that capture different perspectives of performance; (a) the number of ideas; (b) the number of new categories surveyed; and (c) the mean commonness of the surveyed categories. Assessment was performed separately for the three intervals. The number of ideas was determined by a simple count of ideas. All ideas drawn in separate idea frames were included in the count; no ideas were eliminated from the count, even if they were unelaborated or otherwise dysfunctional. The number of new categories surveyed was the number of ideas representing a first instance of a particular category. The mean commonness of the surveyed categories was the average commonality index of the new categories surveyed during an interval.
Results
Table 1 provides the means and standard deviations of the number of ideas, the number of new categories surveyed, and the mean commonness of the surveyed categories per subject for the three intervals (early, middle, and late) separately.
We performed a one-way repeated measures ANOVA on the number of ideas; the number of new categories surveyed; and the mean commonness of the surveyed categories, with INTERVAL being a within-subjects variable. The results of these statistical tests are shown in Table 2 .
The statistical tests showed that the difference between two or more intervals was statistically significant (Table 2) . Twotailed t-tests for pairwise comparisons were then performed on the performance data to assess differences between consecutive intervals (early vs. middle and middle vs. late).The results of these tests are shown in Table 3 . The results presented in Table 3 show that a statistically significant change in terms of each performance measure occurred between all of the consecutive intervals, with the minor exception that the difference between middle and late intervals on the mean commonness of the surveyed categories was only suggestively significant.
Discussion
The results of the experiment are generally inline with the predictions made earlier. The change in mean commonness of categories surveyed signifies the fact that conformity between subjects was highest at the start of the session. This finding, reported here for a design problem, resembles the structural tendencies found in other creative generation tasks (e.g. Ward 1995) . We believe that this type of action relates to employing familiar mental models or sets to represent the problem, which is considered as a particular type of fixation. Furthermore, as the session proceeded, the mean commonness of categories declined respectively. In other words, even though subjects begun generating ideas from the most common categories, as these categories were explored they were able to move on to generate ideas from more novel categories. Thus, the initial models imposed only temporary constraints; designers were able to break free from these initial utterances as the session proceeded. However, at the same time, the rates of idea production, in terms of the number of ideas and the number of ideas from new categories declined. This finding implies that ideas from most common categories are easier to access than ideas from more 'remote' categories.
EXPOSURE EFFECTS
One suggested approach to excite design and overcome the detrimental effects of fixation is to expose a subject to stimulus ideas. Research in social psychology has shown that exposure to stimulus ideas may increase the rate of idea production (e.g. Coskun et. al 2000 , Dugosh et. al 2000 Yang 2000, Ziegler et. al, 2000; Nijstad et. al, 2003, Dugosh and Paulus 2005) . The reason for expecting stimulation through exposure to stimulus ideas is postulated to associations between related concepts. Stimulus ideas may evoke the emergence of additional ideas through associations that enable the designer to think of ideas that he would not have considered if he had worked alone (e.g. Nijstad 2000) . This type of example exposure is conceptually similar to idea exchange that takes place in the context of group idea generation, and therefore, the effects of examples have broad-scale implications for practise.
To move past from speculating whether examples generally assist or hinder idea generation, one can study alterations in the presentation sequence (e.g. momentarily/sequentially), format (e.g. verbal/pictorial) or content (e.g. abstract/concrete, one/many, common/novel, homo-/heterogeneous) of the stimulus ideas. Past research has concentrated on one or many of these aspects using tasks from different disciplines. The main and interaction effects between these variables conceal a complex network of effects, which, at the same time, offer a prominent framework that may lead to improvements in idea generation methodology. Although manipulating these aspects is easier in laboratory experiments than in real-life interactive groups, instructions on how, when, and what ideas to discuss may allow transferring knowledge of exposure effects to group idea gene ration procedures.
Some specific findings regarding exposure effects have emerged. One of the findings is that the number of stimulus ideas is positively correlated with the number of ideas subsequently generated (Dugosh et. al 2000, Dugosh and Paulus 2005) ; and that enhancing attention to the stimulus ideas should further increase performance (e.g. Dugosh et. al 2000) . However, this effect is not entirely independent of the content of the stimulus ideas. Thus, a second relevant aspect, in addition to the sheer number of stimulus ideas, is the homogeneity-heterogeneity dimension of stimulus ideas i.e. whether the stimulus ideas represent exemplars from one or many categories. A positive effect should occur especially when the stimulus ideas represent a number of different categories, simple because a broader range of knowledge becomes available (e.g. Nijstad et. al 2003) . A third relevant perspective is the commonality-novelty dimension of ideas. Dugosh and Paulus (2005) reasoned that common ideas should be more stimulating than novel ones, because unique ideas may possess only a little associative value, since they do not overlap with a person's semantic network. They also showed this to be the case, when a common/unique manipulation of stimulus ideas was induced during idea generation.
As the use of learning aids in the form of pictorial examples is common for engineering education and practice, exposure effects are a relevant theme also in design research. The observation that stimulus ideas increase the number of ideas generated per se is not adequate to justify the use of examples in engineering design. A more relevant aspect on performance, apart from a simple count of designs, is the number of different categories or classes represented within the designs.
Experiments have yet to demonstrate that exposure to stimulus ideas (whatever kind) increases the number of new categories surveyed. In fact, related studies have shown an opposite effect. For instance, Larey and Paulus (1999) and Ziegler et. al (2000) showed that idea sharing groups (i.e. interactive groups) surveyed fewer categories than the same number of individuals working alone (i.e. nominal groups). These findings imply that idea sharing groups tend to focus on a more limited number of topics or categories than the same number of individuals. Thus, from one perspective one can say that subjects become fixated to those categories presented in the stimulus ideas; the increase in total number of ideas is therefore a less important performance aspect. In fact, a somewhat similar type of conformity between stimulus and subsequently generated ideas has become known as the design fixation effect in the engineering design discipline (Jansson and Smith 1991) . A recurring finding in design is that pictorial examples cause significant conformity effects, so that features, conceptually similar to those present in the examples, remain at an abnormal rate in subject's follow-up designs after exposure (e.g. Jansson and Smith 1991 , Purcell and Gero 1992 Purcell et. al 1993 , Chrysikou and Weisberg 2005 . The design fixation effect seems to be strongest when common instead of novel examples are presented (e.g. Gero 1993, Perttula and Sipilä 2006) , presumably because common examples possess a high probability of overlapping with a subject's knowledge structures. Novel examples may also facilitate remote associations that enable designers to think of designs from additional categories, since they represent more distant models of the problem.
Apart from different perspectives on performance, there are some further differences between studies in these two disciplines. The positive effect of increasing the number of ideas has not been observed for design idea generation that uses pictorial representations as stimulus (e.g. . A possible reason for this misalignment is that accessing pictorial representations instead of textual ones may be more demanding in terms of attention and memory capacity . In other words, when rich displays, such as example sketches, are used as stimulus a subject may have capacity to attend only to a sub-set of the ideas. Secondly, the presentation paradigm is usually different; in design experiments the examples are physically in-front of the designer at all times, whereas studies in social psychology use a presentation sequence where only one stimulus idea is shown at a time. A further factor is the size of the solution space. Nijstad et. al (2002) argued that tasks with relatively large solution spaces are more likely to show positive exposure effects than ones with more narrow solution spaces. In case of a relatively narrow solution space, showing solution examples that have a high probability of being generated without exposure will decrease exposure subject's performance on statistical grounds alone, when compared to individuals that receive no examples. Example exposure may therefore influence performance in a comparative sense, due to a 'sampling probability' effect.
In short summary, the use of examples seems counterproductive for design problem solving; even that the initial intension of showing example designs is to increase productivity. However, past research in design has not focused a great deal on the effects that modifications in the presentation sequence, format, and content of stimulus ideas have on idea generation performance.
EXPERIMENT 2
Experiment 2 was designed to evaluate exposure effects for a design task. More specifically we wanted to assess: (a) the magnitude of the sampling probability effect; and (b) the effect of the commonality dimension of idea exposure. In addition, we aligned the experiment with the temporal factors observed in Experiment 1, by manipulating the timing of idea exposure and comparing performance at different intervals.
Subjects
Forty-seven design students participated in this experiment. However, five subjects failed to follow the instructions and therefore the final sample was forty-two. Of the design students in the final sample; 72 % majored in mechanical engineering, 19 % in industrial design, and 9 % from other engineering disciplines. The subjects were predominantly male (81 %). Average age was 24 (SD = 2) years. 67 % had one year or less of design experience. The subjects had completed on average 124 (SD = 23) study credits. None of the subjects were the same as in Experiment 1.
Experiment design
In Experiment 2, subjects were asked to generate ideas for a single design problem under a time limit of forty minutes. The task was to "generate solutions for an automatic watering device for house-plants". Specifications were that the device should provide houseplants with a decilitre of water each week for a total of one month. We exposed subjects to different example sets at different intervals. The design was a 2 x (INTERVAL: early: 1-20 min, late: 21-40 min) x 2 (COMMONALITY: common, novel examples) x 2 (TIMING: before, after early interval) factorial design. INTERVAL was a within-subjects variable.
The manipulation of the experimental variable TIMING was done so that subjects in the 'Before' condition were able to review the examples prior to idea generation, whereas subjects in the 'During' condition were able to review the examples after twenty minutes had passed. The examples in the latter condition were in a folded sheet that was not to be opened until a 20-minute notice was given by the experimenter.
The manipulation of the second experimental variable COMMONALITY was done so that the example sheets contained different types of examples, corresponding to a common or novel set, based on frequencies of sub-function solutions. The example sets are shown in Figure 1 . The basic difference between the example sets was that each of the example designs in the novel example set included subfunction solutions with frequency values of less than .01. Whereas, the common example set included sub-function solutions with frequency values of higher than .11, with the exception that 'Mains current' (Figure 1 : top row, third from left) had a frequency value of .06. The database for calculating the frequency values consisted of some 300 ideas; this number included the non-biased ideas also from this experiment. As can be seen from Figure 1 , the example sets were heterogeneous by character; both sets included solutions from over ten subsolution categories.
Procedure
At the beginning of the test, the subjects were organized into an auditorium type classroom. Subjects were seated in every other seat so that it was difficult for them to view the work of others. After arranging the participants, the task materials were distributed, according to the experimental condition. They were also briefed on the use of the examples: instructions were that the examples should be used to awaken thoughts, but not reproduced as such. It was also told that the one's who had the examples in the sealed letter should not view them prior to the twenty-minute notice. Each subject was given an additional minute to get acquainted with the task prior to actual idea generation. After twenty minutes the experimenter asked the subjects to mark their progress on the answering sheet, and instructed the participants who had a sealed letter to review the examples. After forty minutes, they were asked to stop generating ideas, and fill out a post-experimental questionnaire without attending to the examples. After this, they were thanked and dismissed for recess. 
Categorization
For this task we chose a classification scheme based on decomposing the main function (e.g. Pahl and Beitz 1984, Shah et. al 2003) of the device into four primary sub-functions: water source, regulation, water transfer, and energy source. These sub-functions are thought to present meaningful and separate parts of the device. See Liikkanen and Perttula (2006) for further descriptions on solution decomposition for the 'Plant' task.
Measurement
Three performance measures were used: (a) the number of ideas; (b); the number of categories surveyed; and (c) the number of new categories surveyed. Redundant categories with those represented in the example ideas were excluded from the count of new categories surveyed. The measurement system was the same as in Experiment 1, with the exception that ideas were classified into sub-solution categories. Table 4 provides the means and standard deviations of the number of ideas, the number of categories surveyed, and the number of new categories surveyed per subject for the two intervals (early and late) separately. Table 5 shows the results of 2 (INTERVAL: early vs. late) x 2 (COMMONALITY: common vs. novel) x 2 (TIMING: before vs. after first interval) ANOVA on the three performance measures, with INTERVAL being a within subject variable. Total number of ideas. The analysis showed a significant main effect of INTERVAL; subjects in all conditions generated a higher number of ideas in the early interval in comparison to the later one (M = 6.10, SD = 2.50 vs. M = 3.29, SD = 1.90). There was also a suggestively significant interaction effect of INTERVAL x COMMONALITY, signifying that performance decrease in terms of number of ideas was greater for the subjects that were shown common examples instead of novel ones. There was also a similar trend of INTERVAL x TIMING interaction, reflecting the fact that subjects receiving the examples before the early session showed a greater decrease in the number of ideas generated between the two intervals.
Results
Number of categories surveyed. There was a significant main effect of INTERVAL; subjects surveyed more categories in the first interval in comparison to the second one (M = 10.98, SD = 3.70 vs. M = 2.90, SD = 2.48). A suggestively significant interaction effect of INTERVAL x COMMONALITY was also found; performance decrease on the number of categories surveyed was greatest for those that were given common examples.
Number of new categories surveyed. The analysis yielded a significant main effect of INTERVAL; subjects surveyed more new categories in the first session in comparison to the latter one (M = 8.21, SD = 4.67 vs. M = 1.67, SD = 1.73). A significant main effect occurred also for TIMING; the ones receiving the examples after the first interval instead of before it surveyed more new categories (M = 12.22, SD = 4.73 vs. M = 7.05, SD = 3.66). There was also a suggestively significant interaction effect of INTERVAL x TIMING; this reflects the fact that performance declination in terms of number of new categories surveyed was greatest for the ones who were given examples after twenty minutes had passed. Table 6 presents the mean responses and standard deviations per subject to the post-experimental questions addressing subjects' perceptions on the effects of examples in different experimental conditions. Table 7 presents the results of a 2x2 ANOVA that was performed to evaluate differences between the experimental groups. 
Subjects' perceptions on effects of examples:
The statistical analysis showed that the subjects that received the examples before the first interval in comparison to after it felt more positive about them; they felt that the examples helped them to generate new ideas (M = 2.63, SD = 1.01 vs. M = 4.86, SD = 1.08) and that they would not have performed better without them (M = 3.89, SD = 1.52 vs. M = 2.59, SD = 1.14). The manipulation as whether the examples were common or novel did not affect the perceptions.
Discussion
The first observation was that idea generation performance declined in all conditions between the two intervals, a similar effect that was observed in Experiment 1. However, the magnitude of this effect was different in respect to both exposure manipulations.
The exposure timing manipulation was mainly intended to study the role and magnitude of sampling probabilities in exposure settings. The idea was that subjects would anyway generate most of the example designs; therefore idea exposure would unlawfully decrease performance due to a high sampling probability of ideas from the most common categories. This was found to be the case; the number of new categories surveyed was significantly higher for the ones who received the examples after the early session instead of before it. This also explains the interaction effect that the performance change in terms of number of new categories surveyed between the two intervals was greater for the ones that received the examples beforehand. The fact that the number of designs produced was not affected by this manipulation signifies that the possible stimulation (or fixation) value of the examples was not affected by the timing of idea exposure.
The assumption regarding the commonality manipulation was that novel ideas should increase productivity, since they should be more stimulating and less fixating than common ones; this assumption was not supported by the performance data. Subjects in both conditions generated an even number of designs that conformed also by the total and non-redundant number of categories represented within them. One possible cause for not finding performance changes based on this manipulation is that, since both example sets represented ideas from a nearly even number of categories, they may have caused compliant effects on idea generation performance. Hence, the novel stimulus ideas also included a number of common features, which may have caused equivalent fixation and sampling probability effects.
Three further suggestively significant differences (tendencies) were found in the data. The degree of performance decrease between intervals was dependent on both of the manipulations. The fact that performance in terms of number of ideas declined more for the subjects receiving the examples after the first interval instead of before it could have been a result of motivational rather than purely cognitive factors. This is implied by the fact that the subjects that received the examples after the first interval, perceived the examples as hindrances to their work. In common terms, subjects may have become frustrated, and less motivated to produce further designs, after seeing most of the solutions that they had just generated in the example designs. The reason for the commonality/interval interaction on the number of ideas and categories surveyed could be that showing novel examples led the subjects to conform to a level of processing as implied by the examples. Especially the subjects that received the novel examples beforehand may have passed the most common models that allow economic sampling of memory, resulting in a steadier rate of idea production. However, the statistical relevance of these effects was relatively weak, and these interpretations should be considered as tentative at this point.
GENERAL DISCUSSION
Performance in an idea generation task can be judged in a number of ways. Perhaps the most relevant performance aspect for engineering design is the flexibility of idea generation. Producing alternative designs requires that a subject exploits his prior knowledge in an efficient way. This type of processing requires that a designer is able to focus and de-focus attention to an array of knowledge that can be exploited to synthesize alternative design ideas. This process has turned out to be difficult for designers, since experience with prior design problems makes it harder to solve new problems productively. Much of this difficulty is attributed to the concept of fixation, drawn from studies dealing with insight problem solving. A research initiative called creative cognition has shown how structural tendencies affect performance in creative generation tasks, in ways that can be understood by the concept of fixation. The two experiments presented here were aimed to evaluate structural tendencies and exposure effects in the design idea generation process.
The findings of the first experiment were generally inline with prior theories and research results. A major characteristic was that, even that the subjects had not designed the devices requested here earlier, they produced ideas that had similar high-level attributes. These structural tendencies were most influential in the beginning of the session. This type of tendency implies that the fixation as mental set hypothesis persists in design, despite the fact that subjects could have generated ideas from a number of different categories, which they eventually did. Hence, as the most common categories were explored, the subjects moved on to generate ideas from more novel categories. The latter finding is comparable to the temporal impasse-insight sequence identified for insight problems, signifying that fixation effects in design are mostly temporary.
The second part of the study examined the use of pictorial examples to aid the generative process. Subjects were exposed to stimulus ideas that differed by their commonality at different time-points in the session. The commonality manipulation did not cause significant changes on performance, whereas a considerable effect was found based on the timing of exposure. Subjects that were exposed to examples prior to the session surveyed fewer new (i.e. non-redundant) categories than those that received the examples after twenty minutes had passed. We believe that this finding reflects category sampling probabilities associated with solution searches in design. Meaning that, example exposure to solutions with high sampling probabilities may limit idea generation performance in a comparative sense, simply because subjects would have generated ideas from those categories also without exposure. Although, subjects in all conditions generated some ideas also from the categories present in the examples: this reproductive tendency is a fixation-like effect. It is difficult to differentiate between sampling probability and fixation effects, but it seems that both factors affect idea generation performance.
It should be mentioned that as only novice designers participated in the study, these results may be biased to a limited designer population. Since structural tendencies and exposure effects are related to sampling of established knowledge structures, the issue of design expertise and discipline needs to be considered more carefully in future studies (see e.g. Cross 2004 ).
CONCLUSIONS
We began by noting that fixation affects performance in various tasks, such as, insight problem solving and creative generation. Although scholars generally cite fixation as a significant obstacle also in engineering design, there has been relatively little study of its nature and magnitude. The research presented here was designed to evaluate whether similar effects, to those observed in other task domains, occurred also in design idea generation. The study showed how idea generation performance is influenced by sampling probability, time-cycle, and exposure effects. The results suggest that fixation-like effects do persist in the design process, and that they are highly influential on some aspects of performance. We believe that future studies should begin to unravel the effect known as design fixation from different perspectives, rather than focusing exclusively on assessing reproductive tendencies in simple exposure settings.
